Background Women affected with breast cancer who carry a BRCA1 or BRCA2 (BRCA1/2) mutation are at risk of developing contralateral breast cancer. To reduce the risk of contralateral breast cancer, some patients opt for prophylactic surgery of the unaffected breast (contralateral prophylactic mastectomy, CPM) in addition to mastectomy of the affected breast. Methods We conducted the present study to determine the predictors and outcomes of CPM in the year following BRCA1/2 genetic counseling and testing. Four hundred and thirty-five women affected with unilateral breast cancer who received positive or uninformative BRCA1/2 genetic test results completed assessments prior to genetic counseling and testing and 1, 6, and 12 months after receipt of results. Results Prior to testing, 16% had undergone CPM (in conjunction with mastectomy of the affected breast). In the year following testing, 18% with positive test results and 3% with uninformative test results opted for CPM. CPM following testing was associated with a positive genetic test result, younger age at cancer diagnosis [odds ratio (OR) = 0.94], and higher cancerspecific distress at baseline (OR = 3.28). CPM was not associated with distress outcomes at 12 months.
Introduction
Contralateral breast cancer occurs in women previously diagnosed with breast cancer at a rate of about 1% per year [1] . For women who carry a BRCA1 or BRCA2 (BRCA1/2) mutation, the risk of developing a contralateral breast cancer is about 3% per year, and the 10-year risk is approximately 40% [2, 3] . In order to reduce the risk of contralateral breast cancer, some breast cancer patients opt for prophylactic surgery of the unaffected breast (contralateral prophylactic mastectomy, CPM) in addition to mastectomy of the affected breast. Recent evidence suggests that CPM reduces the incidence of contralateral breast cancer by over 90% [4] [5] [6] [7] [8] and may also decrease breast cancerspecific mortality [5, 8] .
Given the clear evidence of risk reduction, it is not surprising that newly diagnosed breast cancer patients who learn that they carry a BRCA1/2 mutation prior to their definitive breast cancer surgery opt for CPM at high rates [9, 10] . Further, the use of CPM appears to be substantially higher among patients who are aware of their mutation status prior to their diagnosis compared to patients who learn of their mutation status after diagnosis and treatment [11] . At present, however, few breast cancer patients are aware of their mutation status at the time of breast cancer diagnosis. In the present study, we examined the use and predictors of CPM among breast cancer survivors who self-referred for genetic counseling and testing after they had completed surgical treatment for unilateral breast cancer. Within this sample, we prospectively evaluated the impact of genetic test result, sociodemographic, medical, and psychological factors on use of CPM. In our previous work, and consistent with the work of others, genetic test result [12, 13] and cancerspecific worry or distress [14] [15] [16] predicted surgical decision making and risk prevention behaviors. Thus, in the present study, we hypothesized that women who received positive test results and had higher levels of baseline cancer-specific distress would be most likely to opt for CPM.
In addition to identifying predictors of CPM, we also evaluated the impact of CPM on psychological outcomes. Descriptive and cross-sectional studies suggest that the majority of women who choose CPM are satisfied with their decision and report few regrets over the long-term [17, 18] . In a prospective study of newly diagnosed breast cancer patients, we found no adverse impact of CPM on quality of life at 1-and 12-month post-diagnosis [19] . In the present study, we evaluated the impact of CPM on distress outcomes 1 year following the receipt of genetic test results. This is the first study to prospectively evaluate psychosocial outcomes of CPM among previously diagnosed breast cancer patients following the receipt of genetic test results.
Methods

Study population
This study was approved by the institutional review board at Georgetown University. Participants (N = 435) were women affected with unilateral breast cancer who received BRCA1/2 test results through the Lombardi Comprehensive Cancer Center's Cancer Assessment and Risk Evaluation (CARE) program from 1995 to 2000. Patients were self-or physicianreferred to the CARE program and all provided informed consent for the present study. Eligibility for genetic testing was determined by standard clinical criteria: individuals with a personal and family history of cancer that was roughly consistent with a minimum 10% prior probability of carrying a BRCA1/2 mutation based on published reports [20] [21] [22] [23] . All genetic counseling and testing was provided to participants free of charge.
Because we were interested in predictors and outcomes of CPM among breast cancer survivors, we excluded individuals if they were unaffected with breast cancer (n = 618), male (n = 10), or diagnosed with bilateral breast cancer (n = 87) or ovarian cancer (n = 92). In addition, we excluded individuals who had participated in the intervention arm of a clinical trial to evaluate psychosocial telephone counseling following genetic testing for BRCA1 and BRCA2 mutations (n = 23) [24] . Finally, we excluded the small number of affected women who received a true negative genetic test result (n = 3). Of 488 eligible women, 53 (11%) were dropped due to missing baseline data on one or more of our psychosocial outcome measures. Thus, for analyses focused on predictors of CPM, the final sample size was 435. There were no differences between participants with and without missing baseline data on any of our psychosocial or sociodemographic variables. For analyses focused on the impact of CPM on psychosocial outcomes at the 12-month follow-up assessment, we dropped 99 participants (23%) who did not complete the 12-month follow-up interview. Thus, the final sample size for the 12-month outcome analyses (n = 336) represents 69% of the all eligible participants. Participants who were lost to attrition did not differ from completers on any baseline study variables with the exception of race. Specifically, 40% (n = 14) of non-Caucasian participants dropped out compared to 21% (n = 83) of Caucasian participants. Among those who remained in the study, race was not associated with any of our outcome variables.
Procedures
Details of the procedures for this study and the content of the genetic counseling are described in previous reports [25] . Briefly, women eligible for the CARE program completed a baseline telephone interview. The baseline interview assessed sociodemographics, family and personal cancer history, surgical history, cancer-specific distress, and general distress. Participants were then invited to a pretest education and counseling session with a genetic counselor. This 1-2-h session included discussion of risks (e.g., qualitative; pedigree-based assessments; autosomal dominant inheritance; cancer risks associated with mutations in BRCA1/2; risks of second cancers; etc.), the process of BRCA1/2 testing, interpretation of results, and options for cancer prevention and surveillance, including data on prophylactic surgeries. At the conclusion of the counseling session, participants were eligible to provide a blood sample for testing. Genetic test results were disclosed at a subsequent genetic counseling/disclosure session; this session lasted up to 1 h and included discussion of results, screening/prevention guidelines in relation to the test result, implications of test result for family members, and discussion of the psychological impact of the test result.
Participants eligible for this study received either positive or uninformative (a deleterious mutation was not detected) test results. All participants received an individualized written summary of test results, management guidelines, and supplementary education materials. All participants (regardless of test result) were called 2 weeks after test result disclosure to review issues of concern. Structured follow-up phone interviews were conducted at 1, 6, and 12 months after disclosure to assess changes in health status (including development of a new cancer or recurrence of breast cancer), surgery history, distress, as well as behavioral and psychosocial outcomes reported elsewhere [25, 26] .
Measures
Sociodemographics and medical history
At baseline, we assessed age, race, marital status, education level, employment status, religion, income, personal/family history of cancer, and history of riskreducing surgery. Several of these variables were dichotomized as follows: age ( £ 50 versus > 50), race (Caucasian versus other), marital status (married versus other), education ( £ high school graduate versus > high school graduate), employment (employed full-time versus other), religion (Jewish versus other), income ( £ $75,000 per year versus > $75,000 per year). We also assessed history of breast cancer at each follow-up to record development of new contralateral breast cancers.
Cancer-specific distress
We measured cancer-specific distress with the 15-item Impact of Event Scale (IES) [27] . The IES has two subscales that measure intrusive and avoidant ideation using Likert-style response options. We used the total IES score and internal consistency in the present study was 0.87.
General distress
We measured general distress with the short-form of the valid and reliable Hopkins Symptom Checklist (HSCL-25) [28] . This 25-item Likert-style scale assesses the presence and severity of anxiety and depression symptoms during the previous month. We used the total score on the HSCL-25 and internal consistency in the present study was 0.91.
Test result
Because the present analysis was limited to affected women, the vast majority of participants were probands (i.e., the first person in the family to be tested). Thus, results were classified as ''positive'' if a deleterious mutation was identified in BRCA1 or BRCA2 (n = 73, 16.8%) and ''uninformative'' if a deleterious mutation was not detected (n = 362, 83.2%).
Contralateral prophylactic mastectomy
We defined CPM as removal of the unaffected breast for purposes of breast cancer risk reduction. CPM could have been performed at the time of mastectomy of the affected breast or at a later point. CPM history was assessed through participant self-report at baseline and at the 1-, 6-, and 12-month follow-up interviews.
Statistical analyses
Descriptive statistics were generated to characterize the sociodemographics, medical variables, and family history of the sample. To evaluate bivariate predictors of CPM and distress outcomes, we used v 2 tests, t tests, and Pearson correlation coefficients. To identify independent predictors of CPM, we used multiple logistic regression with backward elimination of non-significant variables. To identify independent predictors of distress outcomes at 12 months, we used multiple linear regression with hierarchical variable entry. Table 1 displays characteristics of participants categorized by CPM status. All participants were previously diagnosed with breast cancer. The majority of partici-pants were white (92%) and college educated (93%) and about half were employed full-time (51%). Participants had a mean age of 50.1 years (range: 26.7-80.4 years, SD = 10.4) and were a mean of 5.7 years (range: 0.03-35.2 years; SD = 6.2) since their initial breast cancer diagnosis.
Results
Sample characteristics
Rates of CPM
At baseline, 16% (n = 70) of the sample had already undergone CPM (in conjunction with mastectomy of the affected breast) prior to referral for genetic counseling and testing. Of the remaining 365 women, 9 (17.6%) of those who received positive test results (n = 51) opted for CPM in the year following testing and 8 (2.5%) of those who received uninformative test results (n = 314) opted for CPM. Thus, by 1-year postgenetic testing, 20% of the total sample (87 out of 435 women) had opted for CPM (in addition to removal of their affected breast). Among those who received positive test results, 7% received a CPM either before or after testing.
Predictors of CPM prior to genetic counseling
Given the high rate of CPM at baseline, we evaluated bivariate associations between baseline sociodemographic, psychosocial, family history, and medical variables with baseline CPM history (see Tables 2, 3 ). The following variables were significantly associated with having received CPM prior to genetic counseling: age at breast cancer diagnosis We included these variables in a backward logistic regression model (Table 4) . Results indicated that having CPM prior to genetic counseling was independently associated with younger age at breast cancer diagnosis [odds ratio (OR) = 0.95; 95% CI = 0.92-0.98], more time since breast cancer diagnosis (OR = 1.07; 95% CI = 1.02-1.11), having at least one affected firstdegree relative (OR = 3.63; 95% CI = 1.78-7.44), and Variables not significantly associated with CPM in the year following testing included: use of Tamoxifen, having a lumpectomy or mastectomy of the affected breast at baseline, or current adjuvant treatment.
As above, variables with significant bivariate associations with CPM in the year following testing, with the exception of age, were evaluated in a backward logistic regression model (Table 5 ). We did not include age in multivariate modeling because age was completely accounted for by the combination of two other variables-age at time of breast cancer diagnosis and time since breast cancer diagnosis. After elimination of non-significant variables, three variables remained independently associated with the receipt of CPM in the year following testing: genetic test result (OR = 0.23; 95% CI = 0.08-0.66), age at time of breast cancer diagnosis (OR = 0.94; 95% CI = 0.88-1.0), and baseline cancer-specific distress (OR = 3.28; 95% CI = 1. 29-8.34) . Participants who received a CPM in the year following genetic testing were younger at time of breast cancer diagnosis, more distressed prior to genetic counseling, and more likely to have received positive BRCA1/2 test results.
Impact of CPM on psychological distress
We evaluated the impact of CPM on cancer-specific (IES) and general distress (HSCL-25) at the 12-month follow-up using multiple linear regression with hierarchical variable entry. Baseline variables significantly associated with cancer-specific distress outcomes included: baseline cancer-specific distress [r(336) = 0.49, P < 0.001], age [r(336) = -0.18, P = 0.001], and time since breast cancer diagnosis [r(336) = -0.22, P < 0.001]. We controlled these variables by entering them on the first two steps of the regression. Genetic test result (positive versus uninformative), when entered on step 3, was not significantly associated with cancer-specific distress (DR 2 = 0.00, F = 0.09, P = 0.76). On the final step, we entered CPM status (no CPM versus CPM prior to testing versus CPM following testing) as a dummy coded variable with no CPM as the reference category. CPM was not associated with cancer-specific distress at 12 months (DR 2 = 0.01, F = 1.85, P = 0.16). We conducted an identical analysis to evaluate the impact of CPM on general distress at 12 months. 
Discussion
In the present study we prospectively evaluated rates and predictors of CPM in the year following BRCA1/2 genetic counseling and testing in women affected with breast cancer. Women with a BRCA1/2 mutation had a significantly higher rate of CPM (18%) compared to women receiving uninformative test results (3%). Previous research among unaffected women in the United States and Australia has reported rates of bilateral prophylactic mastectomy ranging from 3 to 15% [29] [30] [31] . In studies conducted in Europe, rates of prophylactic mastectomy among BRCA1/2 carriers unaffected with breast cancer are much higher, around 50% [32, 33] . Differences in rates of prophylactic surgery may be due to physician attitudes, insurance coverage, and other cultural factors [30, 34] . Thus, for rates of prophylactic surgery in the United States, the 18% rate of CPM in the present study suggests that compared to unaffected mutation carriers, women previously affected with breast cancer may be more likely to opt for prophylactic surgery following a positive BRCA1/2 test result.
Although the rate of prophylactic surgery in this study was higher compared to previous studies of unaffected mutation carriers, the rate was considerably lower than among newly diagnosed breast cancer patients with a BRCA1/2 mutation. In our own research, we have reported a 48% rate of CPM among newly diagnosed breast cancer patients who learn they carry a BRCA1/2 mutation at the time of their diagnosis [9] . Other researchers have reported even higher rates of prophylactic surgery among newly diagnosed patients [10] . A partial explanation may be that 16% of the women in the present study had already undergone CPM following their initial breast cancer diagnosis and prior to enrollment in this study. In a newly diagnosed sample, these women would not have undergone prophylactic surgery yet and would contribute to the higher rate of CPM. Beyond this, however, it may be that patients are more willing to consider prophylactic mastectomy in conjunction with treatment than they are to consider prophylactic mastectomy years following the completion of treatment. Although we do not have information on the stage of participants' breast cancer diagnoses, it is interesting to note that initial surgical treatment (lumpectomy or mastectomy with or without reconstruction) was not associated with the use of CPM in this sample.
We also examined predictors of CPM among affected women following BRCA1/2 testing. Consistent with our predictions, the receipt of a positive genetic test result and a higher baseline level of distress were associated with subsequent CPM. In addition to these variables, we also found that younger age at the time of breast cancer diagnosis predicted subsequent CPM. These results are consistent with previous work indicating that receipt of a positive BRCA1/2 test result and baseline levels of distress impacted surgery decisions [9, 12, 13] . Clinically, these results suggest that patients who are most distressed are most likely to opt for CPM, and for BRCA1/2 carriers, CPM could provide reassurance for the most worried patients. Indeed, research on prophylactic surgery decisions suggests that reassurance is a prime motivator for prophylactic surgery [17] . Among women who receive uninformative test results, rates of CPM are low. However, the association with distress raises the possibility that in some cases the decision to obtain a CPM following an uninformative test result may be based on the desire to reduce distress. Future research should examine the ongoing risks and motivations for CPM among women with uninformative BRCA1/2 test results. Future investigations can also explore our finding that employment status was associated with uptake of CPM prior to BRCA1/2 genetic counseling and testing.
We did not find a relationship between CPM and distress outcomes. These findings confirm results from retrospective studies that documented high rates of satisfaction and few regrets following CPM or BLM [17, 18, 35] . These results are also consistent with our own prospective research among newly diagnosed patients in which CPM and non-CPM patients did not differ on distress or quality of life outcomes [19] .
The data reported here are consistent with existing evidence that patients who choose CPM do not fare worse in terms of psychological outcomes than those who decide against CPM. Although these data are reassuring, these results do not support the routine recommendation of CPM to all mutation carriers. First, the sample in this study was a group of women who self-selected into a research program for BRCA1/2 genetic counseling and testing and also self-selected for CPM. In particular, prior research has suggested patients who opted for BLM or CPM after a specific physician recommendation fared worse than those who actively participated in the decision-making process or opted for these surgeries in the absence of a specific recommendation [17, 36] . Taken together, these results highlight the individual nature of and long-term satisfaction with CPM decision making, a personal process that incorporates both psychological factors and the medical evidence for risk management options for previously affected women at risk for contralateral breast cancer. As noted above, the present sample was self-selected and genetic counseling and testing were provided free of charge, factors that limit the generalizability of the results. Although our results indicate that CPM following genetic testing was less likely to occur as more time passed since the date of breast cancer diagnosis, another limitation to this study is the likelihood that some patients opted for CPM after the study period of 12 months. This study was conducted in the late 1990s and into early 2000, and thus there are potential differences in rates of CPM between our sample and current practices and recommendations. Specifically, recent reports have clearly documented the efficacy of BLM/CPM as an effective risk reduction strategy [4, 5, 8] , potentially leading to higher rates of prophylactic surgery than reported in the present study. Alternatively, recent evidence documenting breast cancer risk reduction associated with bilateral prophylactic oophorectomy (BPO) [37, 38] may result in more patients choosing BPO as a primary breast cancer risk management strategy. An additional limitation was the small number of women who opted for CPM following genetic testing. This limited our ability to conduct more sophisticated multivariate modeling and increased the confidence intervals surrounding the ORs reported in this study. Future research should address these limitations by replicating the present results using a larger and newly recruited clinical sample of women seeking BRCA1/2 testing.
